T
he most significant complication after chest tube discontinuation is recurrent pneumothorax. 1 Since recurrence results in increased patient morbidity, hospital stay, and economical liability, attempts should be made to determine the optimal method of chest tube removal. To that end, it is essential to establish the relationship between the respiratory cycle and the risk of recurrence. Although no previous studies have directly addressed this issue, review of the literature indicates that opinions are divided between discontinuation of tube thoracostomies at the end of inspiration [2] [3] [4] [5] [6] [7] [8] [9] [10] or expiration. 11, 12 Either method of removal can be rationalized on the basis of pulmonary mechanics. At the end of inspiration, the lung is maximally expanded and the parietal and visceral pleura are most closely opposed. At the end of expiration, the pressure difference between the atmosphere and the intrapleural space is minimized so the risk of inadvertent airflow into the chest cavity during tube removal is limited. The present prospective, randomized study was designed to compare these two methods and determine whether removal of chest tubes at the end of inspiration or expiration is safer. The study also aimed to identify the risk factors for recurrent pneumothorax after chest tube removal.
MATERIALS AND METHODS
The first 38 patients were enrolled at Jefferson Medical College and the next consecutive 31 patients were enrolled at Yale University School of Medicine. The institutional review boards of each facility approved the study protocols and informed consent was obtained before patient enrollment. All patients who suffered blunt or penetrating thoracic trauma requiring chest tube insertion were eligible for participation.
Discontinuation criteria included complete resolution of pneumothorax by chest radiography or a small, stable pneumothorax by chest radiograph, lack of an air leak while the chest tube was applied to water seal; and chest tube output less than 200 mL/day. Once all chest tube discontinuation criteria were met, patients were randomized based on their hospital identification number. Patients whose identification number ended with an odd number had their chest tubes removed at the end of inspiration, whereas patients whose identification number ended with an even number had their chest tubes removed at the end of expiration. Patients with more than one chest tube had all tubes removed by the same method. In ventilated patients, chest tubes were discontinued at the end of the inspiratory phase.
One hundred two chest tubes were removed in 69 trauma patients. Fifty-two chest tubes were removed at the end of inspiration and 50 chest tubes were removed at the end of expiration. The chief resident of the trauma service, without any additional assistance, removed all tubes. Removal of chest tubes was swift and the chest tube wound was immediately covered with Xeroform gauze (Sherwood Medical, St. Louis, MO), bacitracin ointment, and a dry sponge. Both protocols included a Valsalva maneuver to maintain maximal inspiration or expiration.
A chest radiograph was obtained 6 and 24 hours after tube removal. The presence or absence of a pneumothorax was confirmed by an attending radiologist who was blinded to method of chest tube discontinuation. Patients who suffered a recurrent pneumothorax underwent subsequent thoracostomy tube placement at the discretion of the attending trauma surgeon.
Data were analyzed for patient age, Injury Severity Score, Revised Trauma Score, mechanism of injury, presence of hemothorax, performance of thoracotomy/thoracoscopy, previous lung disease, chest tube duration, the presence of more than one thoracostomy tube in the same hemithorax, and a small, stable pneumothorax at the time of tube removal. Student's t test and 2 analysis were used to analyze the data.
RESULTS
There were no statistical differences between the characteristics of the two experimental groups (Table 1) , although patients in the end-inspiration group tended to have a higher proportion of blunt injuries and a longer chest tube duration.
The incidence of recurrent pneumothorax or enlargement of a small but stable pneumothorax after thoracostomy tube discontinuation in the end-inspiration (8%, 4 of 52) and end-expiration (6%, 3 of 50) groups did not differ statistically (p ϭ 1.0). Similarly, there was no statistical difference (p ϭ 1.0) in the reinsertion rate, which was 4% (2 of 52) at the end-inspiration group and 2% (1 of 50) at the end-expiration group.
Comparison of the recurrence and no-recurrence groups failed to identify factors that predispose to this complication ( Table 2 ). Analysis of the seven patients in whom chest tube removal resulted in recurrent pneumothorax did not yield any discernible patterns (Table 3) . Age ranged from 17 to 51 years, and all but one patient were males. None of the recurrences occurred in ventilated patients and all of these patients had only one chest tube per hemithorax. Gunshot wounds were the most common mechanism of injury.
The placement of more than one thoracostomy tube on the same side of the chest did not increase the incidence of recurrence after removal (Table 4) . On the contrary, no recurrences were observed in any of these patients. A comparison of recurrence rates in tubes removed despite the presence of a small, stable pneumothorax with those removed in the absence of a pneumothorax similarly failed to yield any significant differences (Table 5) .
DISCUSSION
Although thoracostomy tubes are commonplace among trauma and surgical patients, only a paucity of studies have attempted to determine the best method of chest tube insertion 5, 11, 13, 14 or discontinuation. 8, 9 Both of the latter studies randomized patients and studied prospectively the use of continuous wall suction versus trials of water seal (no suction) before chest tube removal. Davis et al. reported that strict wall suction or a water-seal trial before tube discontin- ISS, Injury Severity Score; RTS, Revised Trauma Score; B:P, ratio of blunt to penetrating injury; M:F, ratio of males to females. a Percentages were calculated by dividing the number of tubes with recurrence or no recurrence in each characteristic group by the total number of tubes in the same characteristic group. uation resulted in a similar frequency of recurrent pneumothoraces. 9 However, they found that a short trial of water seal resulted in prolonged chest tube duration. Conversely, Martino et al. 8 demonstrated no difference in chest tube duration or hospital stay when a short trial of water seal was employed before tube removal.
To further define the optimal protocol for chest tube removal, the present study examined the timing of chest tube removal, specifically regarding the respiratory cycle. The data generated in this study suggest that removal at endexpiration or at end-inspiration does not affect the risk of recurrent pneumothorax. The overall rate of recurrent pneumothorax after chest tube removal was 7%, with only 3% of patients requiring tube reinsertion. These rates are in agreement with previous studies that cite recurrence rates of 2 to 24% and reinsertion rates of 1 to 6%. 1, 4, 8, 9, 15 No statistically significant risk factors or trends for recurrence of pneumothorax were found. Thus, chest tubes that meet criteria for removal can be safely discontinued regardless of the mechanism of injury, hemothorax, thoracotomy, thoracoscopy, previous lung disease, chest tube duration, the presence of more than one thoracostomy tube in the same hemithorax, or a small (but stable) pneumothorax at the time of tube removal.
Since the incidence of recurrent pneumothorax was low and similar in both experimental groups, it is possible that other factors play a role in preventing postdiscontinuation pneumothorax. These include swift removal, immediate occlusion of the tube insertion site, forced Valsalva maneuver, tunneling of the chest tube at least one intercostal space during insertion, and removal by experienced, senior-level residents.
In conclusion, it has been demonstrated that removal of thoracostomy tubes at the end of inspiration or at the end of expiration is equally safe. In experienced hands, either method may be used in tube removal algorithms. 
